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A SCANNING PHOTOMETER 
FOR READING SPECTROGRAPHIC PLATES 


HE National Bureau of Standards has devel- 

oped an improved scanning photometer to de- 
termine wavelengths of spectral lines on a 
spectrographic plate easily, rapidly, and accu- 
rately. The instrument, devised by M. L. Kuder 
of the electronic instrumentation laboratory, opti- 
eally scans a 0.5-mm-wide portion of the plate and 
then presents, on an oscilloscope tube, a curve of 
spectral line density versus wavelength. The in- 
strument was developed for the spectroscopic labo- 
ratory to help automate the processing of a large 
volume of spectrographic plates. 

The plate is mounted on an optical bench, and 
any part of the spectrum can be scanned by man- 
ually shifting the position of the moving carriage. 
A fixed fiducial line on the face of the oscilloscope 
tube aids in locating the exact center of each 
spectral line. Wavelength can then be deter- 
mined by measuring the displacement of the plate 
from some known starting point. Not only is the 
electronic equipment unusually stable, but it is 
also sensitive enough to detect many lines in the 
hyperfine structure that are too faint to be readily 
seen by the human eye. 

For many years, the conventional method for 
reading spectrographic plates has been microscopic 
examination of the spectral lines. The plate is 
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usually mounted on a traveling table with vernier 
scales to indicate displacement from a fixed point. 
Through a fixed microscope, an operator locates 
the center of a line, as well as he is able, and reads 
and records a value for displacement. This value 
is later converted to wavelength. As this pro- 
cedure is tedious, time-consuming, and susceptible 
to simple error due to eyestrain, the Bureau has 
investigated methods to improve the procedure. 
The present instrument is based on an electronic 
scanning device, developed elsewhere,’ that scans 
the plate with a rotating prism and presents the 
density versus wavelength curve as an oscilloscope 
trace. 

In the Bureau’s improved instrument, the plate 
is illuminated on one side; on the other side a 10- 
power microscope is trained on a limited area of 
the spectrum. Immediately behind the micro- 
scope 1s a dichroic mirror that splits the image into 
two components: one, red-yellow and the other, 
blue-green. The red-yellow image is reflected to 
a ground glass viewing screen, which provides the 
operator with a visual check of the portion of the 
spectrum being scanned. The blue-green image is 
transmitted to a vibrating mirror, which reflects 
an oscillating image through a narrow slit to an 
end-on photomultipler tube. The vibrating mir- 
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Right: Schematic of improved scan- DICHROIC 
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ning photometer. The instrument 
scans a spectrographic plate and 
presents on an oscilloscope tube a 
curve of spectral line density versus 
wavelength. Below: Spectrographic 
plate is laid flat on carriage at bot- 
tom of photograph, and: is illumi- 
nated from underneath. Immedi- 
ately above plate is microscope and 
dichroic mirror. To right of dichroic 
mirror is oscillating mirror that pro- 
vides scanning action. Box at left 
holds ground glass viewing screen; 
box at upper right contains photo- 
tube. 


ror provides the scanning action of the system, and 
the phototube “sees” only a 13- width of the spec- 
trum at any give time, although a total width of 
0.5 mm is being scanned. 

The electrical output of the tube is fed to an 
electronic network with appropriate amplifying, 


timing, and positioning circuits. The resulting 
density-versus-wavelength curve is presented to- 
gether with a fiducial line on the face of an oscil- 
loscope tube. As the horizontal sweep of the 
oscilloscope (corresponding to the scan along the 
spectrographic plate), the vibrating mirror, and 
the fiducial line generator are all driven by the 
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same oscillator, and the phase relation between 
the three is constant, the display holds steady and 
is completely free from drift. "The only time this 
curve moves is when the carriage carrying the 
plate is manually shifted on the optical bench to 
examine another portion of the spectrum. The 
fiducial line, of course, is steady. 

Although only one phototube has been men- 
tioned, the instrument actually has five such tubes, 
one to detect each of the five separate spectra that 
are usually photographed side by side on a single 
plate. The operator can examine any one of the 
spectra simply by turning a 5-position switch. 
Two of the spectra are standards (such as Hg 
198) whose most prominent lnes have previously 
been measured precisely on an interferometer. 
The presence of these lines on the plate gives the 
operator a set of calibrated points between which 
he can interpolate to determine accurately the 
wavelengths of the lines appearing in the three 
unknown spectra. 

Connected with the moving carriage is equip- 
ment to convert displacement into a digital value 
of wavelength. This value, together with a visual 
estimate of line density, can be recorded on a 
punched card through simple key controls when- 
ever the operator has located the center of a line. 
The information is then available for analysis 
or printout by a high-speed electronic computer. 

Plans are now under way to develop equipment 
that will locate lines and measure their densities 
electronically. When this equipment is completed, 
the reading of spectrographic plates will be en- 
tirely automatic. 


+A photoelectric setting device for a spectrum 
plate comparator, by F. S. Tompkins and M. Fred, 
J. Opt. Soe. 41, 641 (Sept. 1951). 


NBS Technical News Bulletin 


Standard Method for Measuring Cooling Loads of 
Refrigerated Trailers 


“HEAT SINK method” for measuring cool- 
ing loads of refrigerated trailers and refriger- 
ated structures has been developed by the Bureau 
in a program sponsored by the U.S. Department 
of Agriculture, the Quartermaster Research and 
Engineering Command of the Department of the 
Army, and the Truck-Trailer Manufacturers 
Association, The method was developed by P. R. 
Achenbach, C. W. Phillips, and W. F. Goddard 
of the refrigeration laboratory. 

The heat smk method? is part of a S‘andard 
Testing and Rating Method for Retr:::-rated 
Trailers with Respect to Cooling Load, Weight 
Gain and Air Leakage, recently adopted by the 
Truck-Trailer Manufacturers Association. Pre- 
viously there had been no standard cooling load 
measurement method for refrigerated trailers. 

The standard testing and rating method will 
enable the trailer manufacturer to establish a cool- 
ing load rating for each of his models. The pur- 
chaser, knowing these ratings, and giving 
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Heat sink apparatus developed for measuring the cooling 
loads of rcfrigerated trailers. The heat sink method is 
part of a Standard Testing and Rating Method for Re- 
frigerated Trailers recently adopted by the Truck-Trailer 
Manufacturers Association. 
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consideration also to the products being carried, 
the length of the haul, and other factors, will be 
aided in selecting the size of refrigerating unit 
best suited to his needs. He should be able to 
avoid selecting equipment either inadequate to de- 
liver the food cargo in unspoiled condition, or 
unnecessarily costly for the job. 

The standard method as adopted applies to 
refrigerated trailers of any length used for trans- 
porting frozen food or other materials at cargo 
space temperatures well below 32° F. The stand- 
ard describes a procedure for measuring trailer 
cooling loads in the laboratory as a basis for rat- 
ing the trailers. Values obtained in this way 
represent the cooling loads under typical road 
speeds. The effect of ram air pressure on the 
front of a moving trailer is simulated in the lab- 
oratory during the rating test by means of a pres- 
surized plenum. 

Two simultaneous procedures—both employing 
the “heat sink” apparatus— are used in the rating 
test in the laboratory to determine the cooling 
load under the standard test conditions of 0° F 
temperature in the trailer and 100° F dry bulb 
temperature and 50 percent relative humidity in 
the test room. For purposes of both procedures, 
chilled brine is pumped continuously through a 
closed loop which includes an air cooling coil in- 
side the trailer, a comparison brine heater outside, 
a brine pump, a brine chiller, and an electronic 
flowmeter. 

Under the first of these procedures, the compar- 
ison method, the cooling load is measured by a 
comparison between the temperature rise of brine 
in the trailer and in the external comparison 
heater. Under the second procedure, the cooling 
load is determined from the temperature rise of 
the brine in the trailer and the mass flow of brine 
as measured by the flowmeter. The results from 
the two procedures must agree within 5 percent 
for a given test to be acceptable for rating pur- 
poses. The rated cooling load is the average o 
values obtained by the two methods, expressed 
to the nearest 500 Btu/hr. . 

The heat sink apparatus serves both to produce 
the desired low temperature inside the trailer and 
to measure the rate of heat transfer into the ve- 
hicle. As developed at the Bureau, the apparatus 
consists of three electrically-driven two-speed com- 
pressors, with water-cooled condensers, a water- 
cooling tower, two brine chillers, the brine pump, 
the external comparison brine heater, a cooling 
coil inside the trailer, and the electronic flowmeter 
and other suitable measuring instruments. 
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Comparison Method 


The comparison brine heater consists of a vapor- 
proofed, insulated box containing an electric im- 
mersion heater inserted in the brine line which 
passes through the box as part of its circuit, The 
electric energy consumed by the heater is measured 
with a calibrated watthour meter. 

Since the brine flow rate in all parts of the closed 
brine circuit is the same, the ratio of temperature 
rise of the brine in the air cooling coil in the 
trailer to the temperature rise in the external com- 
parison brine heater is equal to the ratio of the 
heat absorbed in the coil to that absorbed in the 
heater. (Changes in specific heat and the slight 
heat leakage are small enough to be neglected in 
these tests. ) 

After corrections for auxiliary heat sources in- 
side the trailer, the above ratio is used to calculate 
the cooling load resulting from heat transferred 
through the trailer body by transmission, air 
leakage, and frost accumulation. 


Flowmeter Method 


At the same time the closed brine circuit is pro- 
viding data for measurement of the cooling load 
by the flowmeter procedure. The flowmeter is of 
the integrating type which registers the total mass 
flow of the brine by an electronic counting pro- 
cedure. The cooling load is then calculated from 
the brine flow and the temperature rise of the brine 
in the trailer. 

If the results of the comparison method and 
flowmeter tests agree within 5 percent, the rated 
cooling load can now be calculated by averaging 
the two. 
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Observed laboratory cooling loads (before application of 
the pressurized plenum), and the extrapolated road cool- 
ing loads of four commercial refrigerated trailers. The 
graph shows the computed values of cooling loads result- 
ing from transmission and air leakage in each case. The 
pressurized plenum was added to the laboratory appa- 
ratus to simulate approximately the air leakage condi- 
tions during road operation. 
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The brine used for the tests is methylene chlo- 
ride, selected because of its favorable viscosity, and 
its stability of density and specific heat in the 
working temperature range, and because it is not 
excessively toxic or flammable. 


: Road Tests 


In order to study the effects of air leakage and 
other factors encountered on the road, four com- 
mercial trailers were tested on the Ohio Turnpike 
as part of the program. A modified heat sink ap- 
paratus was used to measure cooling loads during 
the road tests. Comparison of test results ob- 
served on the road and in the laboratory made it 
possible to simulate the road conditions of air 
leakage in the laboratory. 

On the road, the flow rate of the brine was 
measured with the electronic flowmeter. Then 
the specific heat and the flow rate of the brine and 
its temperature change in the trailer cooling coil 
were used to calculate the cooling loads of the 
trailers. A comparison electric brine heater of 
reduced capacity was used at intervals to monitor 
the performance of the flowmeter. 


Test Specimens and Equipment 


Seven refrigerated trailers were used for the 
studies which served as a basis for drafting the 
Standard Testing and Rating Method. Four 
were commercial and three were military vehicles. 
The military vehicles were 714-ton, 21-ft, single- 
axle trailers manufactured to U.S. Army speci- 
fications. The four commercial trailers were 
approximately 35 ft long. Their empty weights 
varied from 9,722 to 13,510 lb. All were designed 
for low-temperature service with 4 to 6 in. of glass 
ae or rigid plastic insulation in floors, walls, and 
roofs. 

The room used for the laboratory tests at the 
Bureau was 60 ft long, 14 ft wide, and 16 ft high. 
It had insulated walls and roof and a concrete 
floor. A sliding overhead door permitted move- 
ment of semitrailers into the space. 


Weight Gain and Air Leakage 


The Standard Testing and Rating Method, as 
adopted by the Truck-Trailer Manufacturers As- 
sociation, provides that a Standard Weight Gain 
Rating and a Standard Air Leakage Rating 
should be determined for each trailer tested but 
need not be published in order to publish the 
Standard Cooling Load Rating. The weight gain 
and air leakage ratings will be useful to the manu- 
facturer in future design and construction of 
trailers. 

In rating trailers by the standard, the rated 
weight gain (caused by condensation and freezing 
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One of four commercial trailers used in developing the 
Standard Method for Measuring the Cooling Loads of 
Refrigerated Trailers. 


of infiltrated moisture) is the average weight gain 
rate in pounds per hour for the final 24 hr of the 
test. It is expressed to the nearest 0.1 lb/hr. 


For the air leakage test in the laboratory, air is 
forced into the trailer, and the amount of air re- 
quired to maintain a positive pressure of 0.1 in. 
water gage in the trailer is measured. The rated 
air leakage is expressed to the nearest 0.5 ft ?/min, 
in accordance with the adopted standard method. 

The results of the tests at the Bureau indicate 
that smaller refrigerating units could be used if 
air leakage of trailers could be eliminated, or al- 
ternately, less insulation might be required if air 
leakage were significantly reduced. It is also 
probable that deterioration of trailer bodies would 
proceed more slowly if moisture could be kept out 
of insulation spaces. 


+ For more detail on the heat sink apparatus, 
see Heat sink method for measuring the cooling 
loads of refrigerated structures, by P. R. Achen- 
bach and C. W. Phillips, Proceedings Xth Inter- 
national Congress of Refrigeration, 1959. 


Committee Reports on National Bureau 


of Standards 


ECRETARY of Commerce Frederick H. Muel- 
ler on April 8 released the report of a Special 
Advisory Committee of the National Academy of 
Sciences on “The Role of the Department of Com- 
merce in Science and Technology”. 

“Science and technology”, the Committee as- 
serted, “are playing an increasingly larger part in 
the industrial and business activities of the 
nation.” ‘The report affirmed the importance and 
relevance of the Department in this modern role 
and appraised its programs to insure that the De- 
partment fulfills “its responsibilities in the prog- 
ress of the nation’s science and technology”. 

The Committee recommended the establishment 
of an Office of Assistant Secretary for Science and 
Technology to be filled by an official “with pro- 
fessional and management experience in science 
and technology”, and specific expansions of agency 
programs in science and technology. 

Secretary Mueller designated Under Secretary 
of Commerce Philip A. Ray, Department rep- 
resentative on the Federal Council for Science and 
Technology, to initiate prompt measures for ap- 
praisal of the report and to propose plans for a 
course of appropriate implementation. 

A special study of the Bureau was made by 
Committee members Dr. Augustus Kinzel, Vice 
President for Research, Union Carbide Corp.; 
and Dr. C. G. Suits, Director of Research, General 
Electric Co. 

Excerpts from the report on NBS follow: 


June 1960 


“The Panel chose as consultants Mr. R. W. 
Larson and Mr. George M. Morrow, men of exten- 
sive background in research and development. 
They have made visits, at our direction, to all 
laboratory areas of the Bureau and have discussed 
the work with the Director, Associate Directors, 
program leaders, and specialists engaged in the 
programs. Extensive use of members of the Ad- 
visory Committees has been made. We have also 
received aid from Dr. Mervin J. Kelly, Committee 
Chairman, who was the Chairman of the 1953 Na- 
tional Academy Committee and has since served as 
Chairman of the Statutory Visiting Committee of 
the Secretary of Commerce for the Bureau of 
Standards. The focus of our study has been the 
measurement of the Bureau’s progress in imple- 
menting the recommendations of the 1953 study, 
evaluation of present strengths, and the formation 
of a judgment of the needs of the Bureau over the 
next several years in meeting its statutory obliga- 
tions and in rendering the services to the nation 
that its rapidly expanding scientific and technical 
endeavors require. 

“The Bureau’s total full-time staff in June 
1959 was 2,960. Some 1,500 were professional 
scientists or engineers. These were distributed by 
fields of specialization as follows: 525 physicists, 
300 chemists, 875 engineers, 95 mathematicians, 
and 175 others. Two hundred seventy-five had ob- 
tained their Ph.D. degree, more than one hundred 
additional had academic training to that level. It 
is encouraging to note that the staff is now younger 
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[compared with 1955 figures—ed. note], there 
being a significant increase in the percentage of 
the staff in the 20- to 29-year age group with per- 
centages in all older age groups, except the high- 
est, having decreased. 

“The grade with largest percentage of em- 
ployees has advanced from GS-9 to GS-12 [com- 
pared with 1953 figures—ed. note]. At the same 
time, average salaries and salaries associated with 
each grade level have increased. The present 
average salary of the professional staff is approxi- 
mately $8,500 per year. 

“People are by far the most important re- 
source of a scientific organization. The Bureau 
is no exception. For many years it has been 
staffed by an excellent group of scientists, highly 
qualified to work in a wide variety of fields. As 
a result, they have not only been able to perform 
effective work on measurements, but time and 
again have served the government by providing 
special talents to meet other pressing needs. No- 
where else in government does there appear to be 
an. organization with such broad scientific outlook, 
coupled with such probable future long-term con- 
tinuity of mission. For these reasons the Bureau 
represents an important and permanent scientific 
resource of government, and should be given the 
support warranted by so valuable an asset that 
insures the maintenance and enlargement of its 
scientific strength and effectiveness. 

“The Bureau’s management gives evidence of 
appreciating the importance of an educational 
program for maintaining staff competence. <A 
program of graduate studies was initiated at the 
Bureau in 1908 and the Bureau gave formal recog- 
nition to the 50th Anniversary of this program 
in 1958. A substantial number of the present 
members of the Bureau’s staff were assisted in 
obtaining advanced degrees through participation 
in this program. The courses provided in this 
educational program are recognized for advanced 
credit by most of the leading universities through- 
out the country and the majority of these courses 
are now listed in the catalogs of one or more of 
the universities in the Washington area. In some 
instances the courses are given by university staff 
members and in others by Bureau staff members. 

“During the 1958-1959 school year there were 
approximately 32 courses offered in the Washing- 
ton area with a total enrollment of about 500, half 
of which were from NBS. All of these 32 courses 
were offered out of hours. 

“In addition, the Bureau conducts in-hours 
training courses entirely on its own in areas spe- 
cifically related to job requirements. A total of 
27 such courses was given in the past school year 
with approximately 800 enrollments, approxi- 
mately half of which were from NBS and half 
from other agencies, including the Diamond Ord- 
nance Fuze Laboratories of the Department of 
Defense that are housed in the Bureau’s area. 
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Similar programs, some of which are in coopera- 
tion with the University of Colorado, are provided 
at the Boulder Laboratories. 

“In 1958 the Congtess passed an employee 
training bill which has augmented significantly 
the Bureau’s ability to provide specialized ad- 
vanced training to selected staff members. It is 
now possible for the Bureau to send individuals 
for as much as a full academic year to educational 
institutions for intensive training. In addition, 
short-term training courses are possible. AI- 
though this authority was just made available in 
1958, the Bureau has already made considerable 
use of this opportunity. 


General Evaluation 


“The Bureau of Standards is well adminis- 
tered. The Director and his staff have done an 
outstanding job of managing the limited resources 
in manpower and facilities to achieve a high level 
of effectiveness. The staff is of excellent scientific 
and engineering quality. Within the framework 
of government employment and compensation 
policies and practices, a remarkable job of recruit- 
ment and building of staff through educational 
programs and other means has been done. 

“The development of accurate methods of 
physical measurement and of standards is of large 
Importance to the commerce and industry of our 
country. Their needs for standards should be 
fully met. This the Bureau is not now doing 
only because of inadequate funds for its operation 
and for buildings and facilities. Within its re- 
sources, the Bureau’s performance of its measure- 
ment standards function is excellent. 


Summary of Principal Recommendations 


“1. The measurement standards effort be ex- 
panded to provide adequate coverage of 
the Nation’s standards needs. A rate of 
increase of effort of about 15 percent per 
year is suggested. This rate can be real- 
ized without noticeable loss of efficiency. 

. The new facilities now planned for con- 

struction at the Gaithersburg, Maryland, 

site be provided at the earliest time 
possible. 

The existing mission statement for Radio 

Propagation and Standards should be 

issued as an Executive Order. A similar 

statement for Data Processing should be 
prepared, evaluated and, if found appro- 
priate, given similar status. 

The Secretary should arrange for the 

establishment of committees of scientists 

and engineers to review the programs of 
the Cryogenics Engineering Laboratory, 
the Hydraulics Laboratory and the Build- 
ing Technology Division to determine the 
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scope of the Bureau’s responsibilities in 
these areas. 

“5. Directly appropriated funds be obtained 
for all activities in the’Measurements and 
Standards area that are of broad national 
interest. Transferred funds be employed 
only for activities of specific interest te 
the agency providing the funds. ° 

“6. The Bureau be given a major increase in 
number of Public Law 313 positions. Its 
present request for 45 appears modest. 

“7. The Technical Advisory Committees have 
a large potential value not yet fully real- 
ized. The Director continue his vigorous 
efforts to bring them to a higher level of 
effectiveness. 


“8. The Director critically review all of the 
miscellaneous activities for other agencies 
such as testing, evaluation of materials 
and production, and report to the Statu- 
tory Advisory Committee the details and 
results of his analysis.” 


The 10-member Committee with Dr. Mervin J. 
Kelly, recently retired president of the Bell Lab- 
oratories, Chairman, was appointed in 1958 by 
Dr. Detlev W. Bronk, National Academy Presi- 
dent, at the request of Commerce Secretary 
Sinclair Weeks “to evaluate the functions and 
operations of the Department of Commerce in 
relation to present national needs”. Final exam- 
ining work was completed in September 1959. 


NEW STANDARD METAL-ORGANIC MATERIALS 


for analysis of petroleum products 


SET of 24 standard samples of metal-organic 

compounds * suitable for spectrographic and 
chemical analysis of petroleum products is now 
available from the Bureau. These stable oil- 
soluble substances—the result of 3 years of 
research and development conducted for the Amer- 
ican Petroleum Institute—were selected from over 
150 prospective compounds which had been syn- 
thesized and investigated ? under the direction of 
Dr. H. S. Isbell, head of the organic chemistry 
laboratory. 

For many years chemists in the petroleum in- 
dustry have needed accurate standard samples for 
determining metals in petroleum products. From 
the spectrographic determination of the metals 
that accumulate in crankcase oils, engineers can 
judge engine wear and anticipate trouble prior to 
engine failure. Periodical analyses of oils from 
diesel locomotive engines are now made by several 
large railroads to detect faulty bearings. The 
method requires standard samples containing 
known quantities of the elements in question. 
Determination of metallic constituents in petro- 
leum products is also highly important in refining 
processes and in the use and control of materials 
added to oils to improve lubricating properties. 

Metal-organic standards containing the follow- 
ing elements are now available: Aluminum, bar- 
ium, boron, cadmium, calcium, chromium, cobalt, 
copper, iron, lead, lithium, magnesium, manganese, 
mercury, nickel, phosphorus, potassium, silicon, 
silver, sodium, strontium, tin, vanadium, and zinc. 
All except six of these elements are incorporated 
in the form of the metal salt of cyclohexanebutyric 
acid. The other elements are dispensed as menthyl 
borate, tris (O-hydroxy-acetophenone) chromium- 
III, triphenyl phosphate, octaphenylcyclotetra- 
siloxane, dibutyltin bis (2-ethylhexoate), and bis 
(benzoylacetonate)-oxo-vanadium-IV. Spectro- 
graphic and chemical analyses for certification of 
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these compounds were conducted under the direc- 
tion of J. L. Hague and B. F. Scribner of the 
analytical and  spectrochemical laboratories, 
respectively. 

These selected compounds form stable solutions 
with lubricating oils. However, to increase the 
solubility of some of the samples, 2-ethyl-hexanoic 
acid and 6-methyl-2,4-heptanedione are used as 
additives. The standard samples are all compati- 
ble with each other so that blends containing var- 
ious amounts of each can be prepared as needed. 

For analysis of a petroleum product, accurately 
known amounts of the required metal-organic 
samples are added to a typical base material that 
is free of the elements provided in the samples. 
The resulting standard mixture is carried through 
all the steps involved in the analysis of the “un- 
known” oil. The amounts of the metallic impuri- 
ties in the petroleum product are then determined 
by comparison with the results for the standard 
mixture. 

The standard metal-organic materials, prepared 
in crystalline form for easy weighing and han- 
dling, may be purchased for $6.00 per 5 g of 
material. A certificate of analysis, plus directions 
for preparing a solution of the substance, is dis- 
tributed with each sample. Orders should be di- 
rected to the Standard Sample Clerk, National 
Bureau of Standards, Washington 25, D.C. 


+The National Bureau of Standards distributes over 
600 different certified standard samples of chemicals, ores, 
ceramics, and metals. A complete listing of the standard 
materials issued by the Bureau is contained in NBS Cir- 
cular 552 (8d edition), Standard Materials, which is 
available from the Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. (85 
cents). 

*A paper, describing the experimental procedures for 
preparing, purifying, and analyzing the metal-organic 
standard samples, is now being prepared. 
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HE BUREAU has recently completed a 3-year 

experimental and theoretical study on free 
radicals, sponsored by the Department of Defense." 
Scientists from industry joined with the NBS 
staff in this Free Radicals Research Program ” to 
probe the secrets of short-lived atomic and molecu- 
lar fragments. This centralized research activity 
not only revealed much about the production and 
nature of radicals but also paved the way for re- 
search in several new areas, including low-temper- 
ature chemistry and the photochemistry of solids. 
Other important results of the program are: / 
better understanding of low-temperature phe- 
nomena; improvements in low-temperature 
techniques; * and advances in spectroscopic instru- 
mentation and in X-ray and electron diffraction 
techniques. 

Although free radicals have been known to exist 
for over 50 years, only recently has research inter- 
est been focussed on their stabilization. Stabi- 
lized radicals can either be produced in a gas, 
which is then deposited as a condensed solid on a 
cold surface, or they can be produced, after depo- 
sition, in the condensed solid itself. In either case 
the excited species are frozen into immobility and 
sometimes display unusual phenomena such as 
bright glows, “flames”, and flashes of light. 
When warmed up, they recombine actively, re- 
leasing stored energy. 

It was the hope of trapping radicals in large 
quantities and storing them as a potential source 
of energy that sparked the request for the Bureau 
to undertake a comprehensive research program. 
However, from the start emphasis was placed on 
obtaining basic data and exploring various means 
of radical production rather than on solving a 
specific developmental problem. This _ basic- 
research approach has made the program an out- 
standing scientific contribution in spite of the 
finding that radical concentrations sufficient for 
practical use probably can not be obtained. 


Production of Free Radicals 


Of the several methods available for generating 
and trapping free radicals, the most extensively 
used at the Bureau was an original high-tempera- 
ture discharge, low-temperature collection tech- 
nique* developed by H. P. Broida and J. R. 
Pellam.? In this method, gases are passed 
through a high-frequency microwave discharge at 
2,450 Mc/sec and then frozen at 4.2°K. The con- 
centration of atoms and radicals produced in this 
way has been found to be relatively independent 
of the power applied to the resonator. In nitro- 
gen, for example, magnetic susceptibility and elec- 
tron spin resonance measurements indicate that 
the nitrogen atom concentration is about 0.1 per- 
cent at 4°K. When the concentration of atoms 
exceeds this value of 1 part in 1,000, the solid be- 
comes unstable and explosions are caused by the 
recombination of atoms. ; 

‘In another attempt at generating radicals in a 
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The glow of free radicals trapped in a matrix of frozen 
gas at liquid helium temperature. 


gas, thermal dissociation was employed. One sys- 
tem, which was designed by L. E. Kuentzel,® has 
been used by J. T. Clarke,’ J. J. Comeford, and 
J. H. Gould to study solids containing unstable 
molecular fragments. R. Klein *and M. D. Scheer 
employed another system in which hydrogen 
atoms, produced on a hot tungsten surface, diffuse 
into and react with cold solids to produce radicals.° 

Although it is possible to produce free radicals 
in a gas by photolysis (ultraviolet irradiation) or 
radiolysis (X- or y-irradiation), these techniques 
were given no serious study. On the other hand, 
L. Wall, D. Brown, and R. E. Florin have found 
y-ray radiolysis of the solid condensed from the 
gas to be a highly successful method of radical 
production, and E. Hérl*° has employed electron 
bombardment. extensively with results similar to 
those obtained in the gaseous discharge method.” 
The concentrations obtained by exposing con- 
densed solids to ionizing radiations rarely exceed 
1 part in 1,000. 

A fairly large amount of work on the mecha- 
nisms of radical production has been based on 
studies of free radical spectra. Even before the 
Free Radicals Research Program was initiated, a 
semiquantitative interpretation of some spectro- 
scopic features of the very complex light emission 
from nitrogen deposits was given by ©. M. Herz- 
feld and H. P. Broida. It was suggested that, in 
the deposition of nitrogen passed through an elec- 
tric discharge, N atoms are deposited, radiate, and 
then recombine to form excited N, molecules which 
also radiate. Some atomic features (alpha lines) 


NBS Technical News Bulletin 


SULTS OF 


DICALS RESEARCH 


—— 


——————ee 


new data on molecular 
fragments 


were attributed to a forbidden transition in N 
atoms; other atomic features (beta lines) were 
ascribed to transition between levels in O atoms; 
and the molecular features (bands) were assigned 
to a transition of the newly formed N, molecules. 

It is now clear that the alpha lines do indeed 
arise from the transition proposed, although the 
situation is known to be vastly more complex than 
it was thought at first. The beta lines belong to 
transitions of O atoms and the bands to transitions 
of molecules. H. Goldberg and C. M. Herzfeld 
applied a crystal field analysis to the transition 
postulated for the beta atomic features, and have 
found reasonable agreement between experiment 
and theory. 

Recently V. Griffing has investigated the 
alpha lines from a different point of view, assum- 
ing that an N atom replaces an N, molecule in the 
crystal lattice, and then moves to readjust the lat- 
tice to minimize its energy. Several nonequiva- 
lent motions of this type can be found, which 
give rise to enough levels to explain the line group 
in question. So far the results obtained are only 
qualitative, but the approach is very promising. 


O. S. Lutes uses a calorimeter to measure heat energy 
produced by the recombination of frozen free radicals. 


Radical Deposition and Trapping 


The condensation of a gas upon a cold surface 
is one of the least understood of the processes that 
occur during stabilization of radicals initially 
produced in the gas phase. When a molecule 
strikes a surface, it may rebound back into the 
gas after a single collision with the surface, it 
may become bound to a surface molecule for a 
time before it escapes back into the gas, or it may 
migrate at random over the surface and coalesce in 
a process of nucleation with other such particles 
and thus become a permanent part of the deposit. 
Measurements of the condensation of argon on 
a 4°IK argon surface, by Bureau staff members 
F. A. Mauer and L. H. Bolz, and S. N, Foner of 
the Johns Hopkins Apphed Phy sics Labor atory, 
indicated that 6 out of 10 atoms condensed, while 
Scheer found that the condensation of iodine on 
a 77°K glass surface occurred with nearly perfect 
efficiency. It is seen, therefore, that in addition 
to surface temperature, the material being de- 
posited and the nature of the surface are of slg- 
nificance. In any case, a complete understanding 
of the stabilization of gaseous radicals in the solid 
state must be preceded by a more detailed insight 
into the deposition process, Although little ex- 
perimental effort has been expended in this direc- 
tion, a major part of the theoretical work has been 
devoted to explaining the mechanisms of radical 
deposition. 

Several theories have been constructed to deal 
with the deposition problem. Two of these are 
statistical and study the number of ways in which 
radicals, molecules, and inert species can be laid 
down together. This approach, which employs 
various assumptions about the system, allows the 


M. Peyron, guest worker in the Free Radicals Research 
Program, generates free radicals by an electric discharge 
technique. As radicals become trapped on a cold surface 
(here a refrigerated glass tube), they glow. 


upper limits of radical concentrations to be 
estimated. 

One such theory was developed by J. L. Jackson 
and E. W. Montroll,* who considered that radi- 
cals form chains. ‘They studied three cases in 
detail: the deposition of radical chains, the deposi- 
tion of linear chains containing radicals and 
molecules randomly distributed, and three-dimen- 
sional condensates obtained from a gas containing 
radicals only and from a gas containing radicals 
and molecules. 

A second statistical theory was constructed by 
S. Golden,“ who postulated five 3-dimensional 
condensation models: A densely packed model in 
which all sites in the solid are filled by a radical or 
a molecule; a diffusely packed model in which all 
species condense one to a site and then recombine 
where possible; a surface model in which each 
condensed layer comes to a stable state before the 
next layer is deposited ; a nonideal model in which 
species may evaporate from a surface; and a clus- 
tering model which assumes that clusters form in 
the gas and are deposited as such. 

Although the statistical theories have the ad- 
vantage of being logically straightforward, they 
ignore energy considerations and diffusion and 
are therefore likely to give high estimates of 
trapped radical concentrations. 

An attempt to approach the problem by study- 
ing the detailed mechanisms involved in deposi- 
tion was made by R. Zwanzig who calculated the 
probability of the absorption of an atom on a 
solid. This theory, constructed for the simplest or 
radical chain model, can be used to predict mass 
effects and in certain cases relative deposition 

rates. 

Important contributions on the structure of con- 
densed gases at 4°, 20°, and 77°K (the tempera- 
tures produced by liquid helium, quid hydrogen, 
and liquid nitrogen, respectively) have been made 
by the X-ray diffraction group. The possibility 


of obtaining information about the number and 
type of crystallographic sites available for free 
radical trapping 1s an attractive feature of this 
type of investigation. The materials that have 
been studied in some detail are argon, nitrogen, 
oxygen, water, ammonia, diborane, hydrazoic 
acid, and various alcohols. L. H. Bolz, M. E. 
Boyd, F’. H. Mauer, and H. S. Peiser found that, 
in general, slow rates of gaseous deposition result 
in solids with a considerably less ordered structure 
than that obtained with rapid deposition rates. 
The use of an electric discharge in the gas prior 
to deposition increases order in solids, and heating 
amorphous solids causes an annealing to the stable 
crystalline configuration. Part of the released 
energy observed in the warmup of excited solids 
must be attributed to these crystallographic 
changes. 

Some interesting results were obtained by Hérl 
in an electron diffraction study of thin solid nitro- 
gen films at 4°K and 20°K. For extremely thin 
films at 4°K, the observed diffraction patterns 
indicate the presence of randomly oriented fine 
crystallites. As the amount of deposited material 
is increased, larger crystals are formed. 

A number of significant facts about trapping 
forces have been discovered thr ough spectroscopic 
studies. It has become fairly clear that the trap- 
ping of atoms in molecular lattices is a compli- 
cated phenomenon. For example, in the cases of 
N trapped in N, and O trapped in N;, loose com- 
plex formation with molecules occurs. Both the- 
oretical and experimental evidence lead to this 
conclusion. 

Trapping forces have also been investigated by 
Jackson and B. Castle, who attempted to discover 
the existence of positions in or on an N,j lattice 
where an N,; molecule could rotate, either freely 
or in a hindered manner. They calculated the 
energy levels of molecules on the surface of the 
crystal, and also studied the long-range interac- 
tion potential between N and N,. Although ex- 
perimental evidence for such behavior exists in 
the spectral lines, the present results are so far 
inconclusive. 


Characterization of Stabilized Radicals 


Once it has been established that radicals are 
present in a cold solid, the first question to arise 
is that of concentration stability. Wall, Brown, 
and Florin have performed several experiments 
which yielded information on this point. For 
example, electron spin resonance spectrometer 
measurements on nitrogen atoms generated in 
solid nitrogen by y-irradiation showed no decrease 
in signal strength after the solid had been stored 
at 4° K for 20 hr. On the other hand, a similar 


In studies of low-temperature reactions, M. D. Scheer 
produces free radicals by bombarding a solid with hydro- 
gen atoms. 
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E. Horl generates free radicals by electron bombardment. 


investigation on hydrogen showed a 50-percent 
decrease in concentration. 

Trapped radicals disappear by at least two dis- 
tinct mechanisms. One type of flash seems to 
propagate so rapidly that it appears to cover an 
area of several square millimeters instantaneously. 
A second type of flash—called a “cold frame”— 
propagates so slowly that the movement of a def- 
inite front can be discerned. Recent thermal and 
magnetic studies by B. J. Fontana * indicate that 
these flashes are intimately connected with some 
critical concentration of trapped radicals. This 
finding has led Jackson to work out a comprehen- 
sive treatment of stability in trapped radical sys- 
tems and of the ways in which unstable systems 
disappear. 

This work consists of three major parts: The 
first part uses qualitative arguments to obtain a 
simple expression for a critical concentration, 1, 
of trapped radicals, which, if exceeded, gives un- 
stable systems that decay explosively; the second 
part consists of a detailed analysis of discrete se- 
quences of radical reactions, with an analysis of 
the circumstances under which steady states can 
exist; and the third part involves a study of the 
partial differential equations for the average 
values of concentrations. Remarkably, all three 
treatments give the same criterion for stability. 

In addition to the techniques already men- 
tioned—electron spin resonance and optical spec- 
troscopy—the Bureau has employed mass spec- 
trometry in studying free radicals. This method 
was used by J. T. Herron, J. L. Franklin,’ P. 
Bradt, and V. A. Dibeler to study gaseous recom- 
bination kinetics, and to investigate the reactions 
of atoms in the gas phase. They also made a mass 
spectrometric determination of the N-atom con- 
centration in the afterglow region of nitrogen 
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excited by the electric discharge method. This 
number, which is between 1 and 2 percent, pro- 
vides an upper limit to the concentration of atoms 
in the condensed nitrogen. 

H..P. Broida, O. S. Lutes,” and G. J. Minkoff,* 
F. Scherber,*® and J. Gallagher have used calorim- 
eters to measure the energy liberated by various 
discharged gases condensed at 4°K. Although re- 
sults indicate that as much as several percent of 
trapped energetic species are present in the solids 
produced in this fashion, this estimate 1s thought 
to be too high. 

Other measurements on gases condensed at 4° K 
included determinations of the index of refrac- 
tion by J. Kruger; the thermal conductivity by R. 
J. Corruceini, H. Roder, J. T. Clarke, A. Chate- 


-never,”° and R. Gorden; and the dielectric constant 


by N. L. Brown. All results were consistent with 
the finding that radical concentrations generally 
are very low. 


14 complete discussion of the Bureau’s work on 
free radicals, both experimental and theoretical, is 
included, along with references to significant pub- 
lications, in NBS Monograph 12, Stabilization of 
free radicals at low temperatures (in press). 

2 Pree radicals research program, NBS Tech. News 
Bilal Lien (Lo on) is 

® Providing liquid refrigerants to research work- 
ers, NBS Tech. News Bul. 43, 146 (1959) ; Glass 
dewars for trapped radical studies, Tech. News Bul. 
43, 40 (1959). 

*Low temperature storage of free radicals, NBS 
Tech. Bul. 40, 112 (1956). Patent for free radical 
stabilization, NBS Tech. News Bul. 48, 175 (1959). 

> Now on the faculty of the California Institute 
of Technology. 

® Guest worker from the Wyandotte Chemicals 
Corp. 

* Guest worker from the Ethyl Corp. 

8 Guest worker from the Olin-Mathieson Chemical 
Corp. 

® Studies of reactions with low activation ener- 
gies, NBS Tech. News Bul. 43, 206 (1959). 

Now at Howard University. 

“ Spectroscopic studies of trapped radicals, NBS 

Tech. News Bul. 43, 164 (1959). 


J. J. Comeford uses a Dewar specially designed for study- 
ing solids containing free radicals. 


= Guest worker from the Catholic University of 
America. 

8 Guest worker from the University of Maryland. 

4 Guest worker from Brandeis University. 

© Guest worker from the California Research 
Corp. 

% Guest worker from Humble Oil and Refining Co. 


“Now with the Minneapolis-Honeywell Regula- 
tor Co. 

8 Guest worker from the Imperial College of 
Science and Technology (London). 

” Guest worker from the d/nion Carbide Corp. 

*° Guest worker from the Sinclair Research 
Laboratories. 
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Selected Publications Resulting from the NBS 


Free Radicals Research Program 


Luminescence of solid nitrogen (4.2°K) containing atoms 
or free radicals. Effect of dilution by argon, by H. P. 
Brodia and M. Peyron, J. de Physique 18, 593 (1957). 

Theory of forbidden transitions of nitrogen atoms trapped 
in solids, by C. M. Herzfeld, Phys. Rev. 107, 1239 (1957). 

Evaporation of active species trapped in a solid condensed 
from “discharged” nitrogen, by H. P. Broida and M. 
Peyron, J. Chem. Phys. 28, 725 (1958). 

Free radicals statistics, by J. L. Jackson and E. Montroll, 
J. Chem. Phys. 28, 1101 (1958). 

Free radicals stabilization in condensed phases, by S. 
Golden, J. Chem. Phys. 29, 61 (1958). 

Glass dewars for optical studies at low temperatures, by 
L. J. Schoen, L. E. Kuentzel, and H. P. Brodia, Rev. 
Sci. Instr. 29, 633 (1958). 

The reaction of H-atoms with solid olefins at —195°C, 
by R. Klein and M. D. Scheer, J. Phys. Chem. 62, 1011 
(1958). 

Spectra emitted from solid nitrogen condensed at very low 
temperatures from a gas discharge, M. Peyron and 
H. P. Broida, J. Chem. Phys. 30, 139 (1959). 

Low temperature X-ray studies on Rice’s blue material, 
by L. H. Bolz, F. A. Mauer, and H. S. Peiser, J. Chem. 
Phys. 30, 349 (1959). 

The photolysis of ammonia in a solid matrix at low tem- 
perature, by OQ. Schnepp and K. Dressler, J. Chem. 
Phys. (in press). 

Electrical discharge induced luminescence of solids at low 
temperatures, by L. J. Schoen and R. Rebbert, J. Mol. 
Spect. 3, 417 (1959). 

Electron spin resonance spectra from gamma irradiated 
solid nitrogen, by L. A. Wall, D. Brown, and R. E. 
Florin, J. Chem. Phys. 30, 602 (1959). 

Abundance of energetic species trapped at 4.2°K from 


gaseous discharges, by G. H. Minkoff, F. Scherber, and 
J. Gallagher, J. Chem. Phys. 30, 753 (1959). 

The magnetic interaction of Hs, by V. Griffing, J. L. Jack- 
son, and B. J. Ransil, J. Chem. Phys. 30, 1066 (1959). 

Mass spectrometric study of the reactions of some hydro- 
carbons with active nitrogen, by J. L. Franklin, J. T. 
Herron, and P. Bradt, Can. J. Chem. 37, 579 (1959). 

Spectroscopic evidence for triatomic nitrogen in solids 
at very low temperatures, by M. Peyron, H. W. Brown, 
E. Hoérl, and H. P. Broida, J. Chem. Phys. 30, 1304 
(1959). 

Magnetie study of the frozen products from the nitrogen 
microwave discharge, by B. J. Fontana, J. Chem. Phys. 
31, 148 (1959). 

The reaction of H atoms with solid O at 20°K. by R. 
Klein and M. D. Scheer, J. Chem. Phys. 31, 278 (1959). 

The re-examination Of the crystal structures of a and 6 
nitrogen, by L. H. Bolz, M. EH. Boyd, F. A. Mauer, and 
H. S. Pieser, Acta Cryst. 12, 247 (1959). 

Argon deposition on a 4.2°K surface, by S. N. Foner, 
F. A. Mauer, and L. H. Bolz, J. Chem. Phys. 31, 546 
(1959). 

Paramagnetic resonance spectra of active species. Blue 
material from hydrazoic acid, by W. Gager and F. O. 
Rice, J. Chem. Phys. 31, 564 (1959). 

Dynamic stability of frozen radicals, by J. L. Jackson, 
Part I, J. Chem. Phys. 30, 154 (1959) ; Part II, J. Chem. 
Phys. 31, 722 (1959). 

Collision of a gas atom with a cold surface, by R. Zwan- 
zig, J. Chem. Phys. (in press). 

Isotope exchange processes in solid nitrogen under elec- 
tron bombardment, by R. Klein and HE. Horl, J. Chem. 
Phys. 32, 807 (1960). 


METALLURGICAL CONFERENCE 


HE BUREAU held a 1-day Metallurgical 

Conference at its Washington laboratories 
on March 31. In attendance were more than 100 
representatives of industrial, academic, and gov- 
srnment laboratories having major programs in 
metallurgy and metal physics. Five scientific 
papers were given during a technical session, which 
was followed by an “open house” at the metallurgy 
laboratories for the inspection of new instruments. 


Dr. James I. Hoffman (center), chief of the Bureau’s 
metallurgy laboratories, greets Samuel Epstein (left) of 
Bethlehem Steel Corp., and Col. Alexander I. Krynitsky 
(right), retired Bureau staff member, at the Bureau’s 
metallurgical conference. Mr. Epstein and Col. Krynitsky 
have been attending these conferences, held almost every 
year at the Bureau, since 1918. 


Purpose of the conference was to present results 
of recent Bureau research in areas of current in- 
terest. Since 1913 the Bureau has been conducting 
research on the structure and properties of metals. 
During this time, conferences have been held al- 
most every year to acquaint metallurgists and engi- 
neers with the progress of the work, and to explain 
newly developed methods for studying metals and 
alloys. 

The conference was opened by Dr. Allen V. 
Astin, NBS Director, who spoke of the need for 
metals research throughout the Nation. Dr. 
James I. Hoffman, chief of the metallurgy labora- 
tories, then outlined the experimental work now 
going on at the Bureau in metal physics, physical 
metallurgy, and corrosion. Dr. Hoffman con- 
cluded his talk by introducing two conferees, 
Samuel Epstein of the Bethlehem Steel Corp., and 
Col. Alexander I. Krynitsky, both of whom have 
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attended all of the metallurgical conferences over 
the past 42 years. Mr. Epstein was on the Bureau 
staff from 1918 until 1929, and Col. Krynitsky 
from 1918 until his retirement in 1950. 

Dr. L. M. Kushner, head of the metal physics 
laboratory, presided at the technical session. The 
first paper was given by M. R. Meyerson, who re- 
viewed advances made in the past year in develop- 
ing materials suitable for extremely precise gage 
blocks. This work was undertaken to provide 
gage blocks that may be certified to one ten-mil- 
honth of an inch. Recent experiments indicate 
that a nitrided stainless steel has many of the de- 
sired characteristics and closely approaches the 
dimensional stability needed in ultraprecise gage 
blocks. 

Dr. J. R. Manning explained some of the atomic 
mechanisms of diffusion in metals. When diffu- 
sion occurs by a vacancy mechanism, a diffusing 
atom does not make a succession of random jumps ; 
rather, a correlation exists between the directions 
of successive jumps. He showed how this correla- 
tion affects both tracer diffusion experiments per- 
formed by physicists, and chemical diffusion 
experiments by metallurgists. 

Recent results obtained in studies of stress-corro- 
sion cracking of both ferrous and non-ferrous 
metals were presented by H. L. Logan. He indi- 
cated that during crack propagation the strain 
rate at the tips of cracks is sufficiently high to pre- 
vent the reforming of protective films. Thus an 


J. R. Cuthill observes an alloy specimen with the electron 
probe microanalyzer he designed. The instrument, now 
nearing completion, was on display at the NBS metal- 
lurgical conference. Fluorescent X-ray emission charac- 
teristic of the elements in the specimen is analyzed 
spectrometrically. 


electrochemical reaction, in which the crack tips 
are the anodes and the crack sides the cathodes, is 
important in the propagation of stress-corrosion 
cracks. 

The application of nuclear magnetic resonance 
experiments to metals was described by Dr. L. H. 
Bennett. He gave basic principles, and then re- 
lated results obtained on the nuclear resonance of 
tantalum both in the metallic state and in a non- 
metallic compound, and in measurements on a 
series of lead-indium alloys. 

The final speaker, Dr. C. J. Newton, reported on 
the cyclic stressing of polycrystalline cartridge 
brass specimens. His experiments showed that 
intragranular misorientations, produced by the 
initial deformation and measured with an X-ray 
goniometer, can be reduced by straining the speci- 
mens in the reverse direction. The yield stresses 
measured after several deformation cycles were 
discussed in the hght of current theories. 

Equipment installed in the metallurgy labora- 
tories since the last conference was inspected by 
the visitors at the conclusion of the technical ses- 
sion. Particular interest was displayed in an elec- 
tron probe microanalyzer, designed by Dr. J. R. 
Cuthill, which promises to be useful in determin- 
ing phase diagrams of alloys and in studying diffu- 
sion processes. Another instrument attracting 
special notice was an electron-beam zone melter, 
developed by Dr. George A. Moore, which will be 
employed in work on high-purity and standard 
metals. 


HE 1960 Cryogenic Engineering Confer- 
ence, co-sponsored by the University of 
Colorado and the Bureau, will be held in 
Boulder, Colorado on August 23, 24, and 25. 
The field of cryogenic engineering is growing 
rapidly, as larger and larger quantities of the 
liquefied gases, such as hydrogen, oxygen, 
nitrogen, and helium are being used by industry 
and national defense, and for laboratory re- 
search. This has necessitated the design and 
construction of safe, large, and more efficient 
equipment for producing and using them. Un- 
usual engineering problems are encountered 
because of the marked differences in the be- 
havior of materials at very low temperatures as 
compared with ordinary temperatures, 
Subjects which will be discussed at the con- 
ference include liquefaction cycles, purification 
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of gases, gas separation, distillation, heat 
transfer, catalysis, fluid flow, absorption, hy- 
drogen and LOX production, cryogenic fuels, 
oxidants, pressurants, missile problems, me- 
chanical and thermal properties, vacuum in- | 
sulation, powder insulation, super insulation, 
safety, friction studies, vapor-liquid equilibria, 
liquid level devices, probes, pumps, bearings, 
transfer lines, dewars, cryostats, temperature 
and pressure measuring devices, expansion en- 
gines and turbines, heat exchangers, regenera- 
tors, high-energy and nuclear applications, 
bubble chambers, and cognate topics. 
Information regarding registration and res- 
ervations may be obtained from K, D. Timmer- 
haus of the Chemical Engineering Department, 
University of Colorado, Boulder, Colorado, 
who is Secretary of the Conference Committee. 
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Lens Design Problems Solved 
by Matrix Algebra 


ORKING under the sponsorship of the U.S. 

Air Force, the Bureau has developed an im- 
proved method that employs matrix algebra in 
designing optical lenses.t In this method, devised 
by O. N. Stavroudis of the optical instruments 
laboratory, a system of partial differential equa- 
tions defining optical image formation is written 
in the form of 4-by-4 matrices. The form of these 
matrices suggests a new method of designing 
lenses. 

The greatest stumbling block to the lens designer 
is the difficulty of correlating the aberrations of 
an optical system with such parameters as the 
curvatures, separations, and thicknesses of the 
lenses and the indices of refraction. ‘Thus the 
design of a lens is ordinarily a trial-and-error pro- 
cess, where values are assigned to the parameters, 
rays are traced, and the results are used to assign 
values representing the aberrations. 

In the improved method, the aberrations of a 
lens can be defined in such a way that their rela- 
tionship to the parameters is explicit. Here the 
elements of the 4-by-4 matrix represent the total 
aberrations of an optical system. If X is such 
a matrix, and the optical system represented by 
has two components, then X= 1X, where X; and 
X., are the X matrices for each of the components. 
Each XY can be further split into additional com- 
ponents. This splitting can go on until the ulti- 
mate components are reached; these are (a) a 
refracting surface with which is associated a “re- 
fraction matrix Xp,” and (b) the space between 
two refracting surfaces with which is associated 
a “transfer matrix 17.” 

Most optical systems consist of spherical sur- 
faces separated by homogeneous isotropic media 
(glass and air). In this case X7 depends on two 
parameters, the distance between two successive 
surfaces and the index of refraction of the medium 


O. N. Stavroudis explains his method for using matrix 
algebra in solving lens design problems. On the black- 
board is a system of partial differential equations, defin- 
ing optical image formation, written in the form of 4-by- 


4 matrices. 


between them, and Az depends on the curvature of 
the surface and the index of refraction of the two 
media on either side of the surface. Thus the 
matrix describing the total monochromatic geo- 
metric aberration of an optical system can be rep- 
resented by a product of Vp and Xp matrices. 

This principle can be used to set up a matrix 
equation whose solution is the design of a lens 
meeting certain prescribed requirements. De- 
scribing these requirements in terms of an X 
matrix and then setting it equal to a product of 
Xp-type and A 7-type matrices results in the re- 
quired equation. Such an equation in 4-by-4 mat- 
rices is equivalent to a system of 16 simultaneous 
scalar equations. By assuming rotational sym- 
metry and by making use of the system of differ- 
ential equations mentioned above that apply to all 
optical systems, the complexity of the equations 
of condition may be reduced. 


*For further technical information, see Lens de- 
sign: a new approach, by O. N. Stavroudis, J. Re- 
search NBS 63B, No. 1, p. 31 (July—September 
1959). Part of this work was performed at the 
Imperial College of Science and Technology and 
included in a thesis submitted to the University of 
London. 
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Phase shift effects in Farbry-Perot interferometry, C. J. 
Koester. 

Infrared absorption spectrum of methane from 2,470 to 
3,200 em”, E. K. Plyler, E. D. Tidwell, and L. R. Blaine. 

Elastic constants of synthetic single crystal corundum at 
room temperature, J. B. Watchman, Jr., W. E. Tefft, 
D. G. Lam, Jr., and R. P. Stinchfield. ; 

Radial distribution study of vitreous barium borate, A. 
Bienenstock, A. 8. Posner, and 8S. Block. 

Separation and determination of small quantities of alumi- 
num in steel, B. B. Bendigo and R. K. Bell. 

Conformations of the pyranoid sugars. II. Infrared ab- 
sorption spectra of some aldopyranosides, R. 8. Tipson 
and H. 8. Isbell. 

Section B. Mathematics and Mathematical Physics, Vol- 
wme 64B, No. 2, April-June 1960. 

Non-self-adjoint boundary value problems in ordinary 


NBS Technical News Bulletin 


differential equations, W. Greub and W. C. Rheinboldt. 

Criteria for the existence and equioscillation of best Tche- 
bycheff approximations, J. R. Rice. 

Note on the solution of Riccati’s differential equation, 
H. H. Howe. frat" 

On a generalization of thé index notation for absolute 
tensors of arbitrary order, Eh. H. Brown. 

Upper and lower bounds for the center of flexure, L. E. 
Payne. be 

Half-round inductive obstacles in rectangular waveguide, 
D. M. Kerns. 

Section C. Engineering and Instrumentation, Volume 64C, 
No. 2, April-June 1960. 

Measurement of cobalt-60 and cesium-137 gamma rays 
with a free-air chamber, H. O. Wyckoff. 

Apparatus for the measurement of the normal spectral 
emissivity in the infrared, A. G. Maki, R. Stair, and 
R. G. Johnston. 

Electrostatic deflection plates for cathode-ray tubes. I. 
Design of single-bend deflection plates with parallel en- 
trance sections. II. Deflection defocusing distortion of 
single-bend deflection plates with parallel entrance sec- 
tions, L. Frenkel. 

The functional synthesis of linear plots, J. P. Vinti and 
R. F. Dressler. 

Radiation field from a rectangular source, J. H. Hubbell, 
R. L. Bach, and J. C. Lamkin. 

Microwave attenuation measurements with accuracies 
from 0.0001 to 0.06 decibel over a range of 0.01 to 50 
decibels, G. F. Engen and R. W. Beatty. 

Effect of oleophobic films on metal fatigue, H. E. Frankel, 
J. A. Bennett, and W. L. Holshouser. 

Ratio-recording spectroradiometer, H. K. Hammond III, 
W. L. Holford, and M. L. Kuder. 

An intermittent-action camera with absolute time cali- 
bration, G. Hefley, R. H. Doherty, and E. L. Berger. 
Section D. Radio Propagation, Volume 64D, No. 3, May- 

June 1960. 

A theory of radar scattering by the moon, T. B. A. Senior 
and K. M. Siegel. 

A theory of wavelength dependence in ultrahigh frequency 
transhorizon propagation based on meterological con- 
siderations, R. Bolgiano, Jr. 

A preliminary study of radiometeorological effects on be- 
yond-horizon propagation, F. Ikegami. 

Trade-wind inversion as a transoceanic duct, M. Katzin, 
H. Pezzner, B. Y.-C. Koo, J. V. Larson, and J. C. 
Katzin. 

An analysis of propagation measurements made at 418 
megacycles per second well beyond the radio horizon (a 
digest), H. B. Janes, J. C. Stroud, and M. T. Decker. 

On the calculation of the departures of radio wave bend- 
ing from normal, B. R. Bean and E. J. Dutton. 

On the mode theory of very-low-frequency propagation in 
the presence of a transverse magnetic field, D. D. 
Crombie. 

On the theory of reflection of low- and very-low-radio- 
frequency waves from the ionosphere, J. R. Johler and 
L. C. Walters. 

Focusing, defocusing, and refraction in a circularly strati- 
fied atmosphere, K. Toman. 

Response of a loaded electric dipole in an imperfectly 
conducting cylinder of finite length, C. W. Harrison, 
Jr., and R. W. P. King. 

Impedance characteristics of a uniform current loop hay- 
ing a spherical core, 8S. Adachi. 

Technical News Bulletin, Volume 44, No. 5, May 1960. 15 
cents. Annual subscription: $1.50, 75 cents additional 
for foreign mailing. 

Basic Radio Propagation Predictions for August 1960. 
Three months in advance. CRPL—D189, issued May 
1960. 15 cents. Annual subscription $1.50, 50 cents 
additional for foreign mailing. 


Technical Notes 


The following Technical Notes are available from the 
Office of Technical Services, U.S. Department of Com- 
merce, Washington 25, D.C. (Order by PB number.) 


June 1960 


Analog-digital conversion equipment for electrocardio- 
graphic data, L. Taback, NBS Tech. Note 42 (PB- 
151401) (1960) $1.25. 

A summary of VHF and UHEF tropospheric transmission 
loss data and their long-term variability, D. A. William- 
son, V. L. Fuller, A. G. Longley and P. L. Rice, NBS 
Tech. Note 43 (PB151402) (1960) $2.25. 

Tables for the statistical prediction of radio ray bending 
and elevation angle error using surface values of the 
refractive index, B. R. Bean, B. A. Cahoon and G. D. 
Thayer, NBS Tech. Note 44 (PB151403) (1960) 50 
cents. 

Operating instructions for ARN-2 auxiliary log-linear 
noise recorder, R. T. Disney and C. A. Samson, NBS 
Tech. Note 45 (PB151404) (1960) 50 cents. 


Publications in Other Journals 


The adhesion of electrodeposited nickel to chromium at 
elevated temperatures, W. H. Reid, Jr. and F. Ogburn, 
J. Electrochem. Soc. 107, No. 2, 91 (1960). 

Chloride content of the diffusion layer at a silver anode, 
P. A. Krasley, J. Electrochem. Soc. 107, No. 2, 189 (1960). 

Spectral emittance of ceramic-coated and uncoated speci- 
mens of Inconel and stainless steel, J. C. Richmond and 
J. E. Stewart, J. Am. Ceram. Soc. 42, No. 12, 633 (1959). 

Mismatch errors in cascade-connected variable attenua- 
tors, G. EH. Schafer and A. Y. Rumfelt, IRE Trans. Micro- 
wave Theory Tech. MT'T-7, No. 4, 447 (1959). 

Chemical structure and stability relationships in poly- 
mers, B. G. Achhammer, M. Tryon, and G. M. Kline, 
Kunststoffe Combined with German Plastics Digest 49, 
No. 11, 600 (1959); Modern Plastics 37, No. 4, 181 
(1959). 

A study of 17-7 PH stainless steel, N. L. Carwile and 8. J. 
Rosenberg. WADC Technical Report 58-653 (1959). 
Available from the Office of Technical Services, Depart- 
ment of Commerce, Washington 25, D.C. 

High-altitude observation techniques, D. M. Gates, Letter 
Science 131, 266 (1960). 

The relation between confidence intervals and tests of 
significance—a teaching aid, M. G. Natrella. Am. Stat. 
14, No. 1, 20 (1960). 

Electrophoretic deposition of metals, metalloids, and re- 
fractory oxides, V. A. Lamb and W. R. Reid, Plating 47, 
No. 8, 291 (1960). 

The effect of the earth’s magnetic field on m.u.f. caleula- 
tions, IX. Davies, J. Atmospheric and Terrest. Phys. 16, 
187 (1959). 

Fusion of polymer networks formed from linear poly- 
ethylene: Effect of intermolecular order, L. Mandel- 
kern, D. E. Roberts, J. C. Halpin, and F. P. Price. J. 
Am. Chem. Soe. 82, 46 (1960). 

Sauter theory of the photoelectric effect, U. Fano, K. W. 
MeVoy and J. R. Albers, Phys. Rev. 116, No. 5, 1147 
(1959). 

Bremsstrahlung and the photoelectric effect as inverse 
processes, K. W. McVoy and U. Fano, Phys. Rey. 116, 
No. 5, 1168 (1959). 

Surface area and exchange capacity relation in a Florida 
kaolinite, W. C. Ormsby and J. M. Shartsis, J. Am. 
Ceram. Soc. 43, No. 1, 44 (1960). 

Balmer decrements: the diffuse nebulae, S. R. Pottasch, 
Astrophys. J. 131, No. 1, 202 (1960). 

Standard frequency transmission and time signals, W. D. 
George, Proc. 2d all-IRIG Symp., prepared by Secre- 
tariat, Inter-Range Instrumentation Group, October 
1958, p. 141, IRIG Document No. 107-58. 

Atomistic approach to the rheology of sand-water and 
clay-water mixtures, W. A. Weyl and W. C. Ormsby, 
Chapt. 7 in III of the book “Rheology—Theory and 
Applications,” edited by F. R. Hirich, p. 249 (Academic 
Press, New York, N.Y., 1960). 

Diffusion of particles in turbulent flow, C. M. Tchen, Ad- 
vances in Geophysics 6: “Atmospheric diffusion and air 
pollution,” p. 165, Proc. Symp. Oxford, England, August 
1958 (Academic Press, Inc., New York, N.Y., 1959). 
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Publications (Continued ) 


Atmospheric tides and ionospheric electrodynamics, M. L. 
White. J. Geophys. Research 65, 153 (1960). 

Some evidence for structural anomalies in pure cristo- 
balite, R. F. Walker, S. J. Schneider, and R. S. Roth. 
J. Am. Ceram. Soc. 42, No. 12, 642 (1959). 

La Recherche sur les radicaux libres au National Bureau 
of Standards, H. P. Broida, J. Chim. Phys. 56, No. 2392, 
813 (1959). 


Publications for which a price is indicated (except for 
Technical Notes) are available only from the Superin- 
tendent of Documents, U.S. Government Printing Office, 
Washington 25, D.C. (foreign postage, one-fourth addi- 
tional). The Technical News Bulletin and Basic Radio 
Propagation Predictions are available on a 1-, 2-, or 3- 
year subscription basis, although no reduction in rates 
can be made. Reprints from outside journals and the 
NBS Journal of Research may often be obtained directly 
from the authors. 

Patents 


(The following U.S. Patents have recently been granted 
on NBS inventions and, except as noted, are assigned to 
the United States of America as represented by the Sec- 
retary of Commerce. ) 

No. 2,920,157 January 5, 1960. Inertia switch. 
Rabinow and William B. McLean (Navy). 

No. 2,920,568 January 12, 1960. Turbo-generator system. 
Jacob Rabinow (Army). 

No. 2,920,984 January 12, 1960. Paper coating composi- 
tion, paper coated therewith, and method of improving 
the strength of paper. John T, Moynihan. 

No. 2,921,518 January 19, 1960. Explosive ordnance con- 
struction. Robert D. Huntoon (Navy). 
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Jacob 


No. 2,921,522 January 19, 1960. Multiple detonator oper- 
ation. Maurice Apstein (Army). 

No. 2,921,524 January 19, 1960. Fuze safety device. Jacob 
Rabinow (Navy). 

No. 2,921,549 January 19, 1960. Holding fixture for spin- 
forming blanks. Earl L. Schwenk. 

No. 2,922,121 January 19, 1960. Gated beam tube relax- 
ation oscillator. Carroll E. T'schiegg. 

No. 2,922,963 January 26, 1960. Adjustable waveguide 
termination. Robert W. Beatty. 

No. 2,923,209 February 2, 1960. Tool shaping machine. 
Carl E. Pelander (Army). 

No. 2,924,562 February 9, 1960. Method of free radical 
production and stabilization. Sidney Golden. 

No. 2,925,587 February 16, 1960. Magnetic drum memory 
for electronic computers. Ragnar Thorensen, William 
R. Arsenault, Biagio F. Ambrosio. 

No. 2,926,611 March 1, 1960. Circuit controlling means. 
Wilbur S. Hinman, Jr. (Navy). 

No. 2,927,188 March 1, 1960. Method for the preparation 
of hexafluorobenzene. Leo A. Wall, Max Hellman, and 
Walter J. Pummer. 

No. 2,927,213 March 1, 1960. Electronic control circuit. 
Thomas M. Marion and John F. Streib (Navy). 

No. 2,927,214 March 1, 1960. Signal translating system. 
Joseph G. Hoffman (Navy). 
No. 2,928,347 March 15, 1960. 
William B. McLean (Navy). 
No. 2,928,987 March 15, 1960. Electroluminescent micro- 

wave receiver. George G. Harman, Jr. 

No. 2,929,027 March 15, 1960. Amplifier including hum 
elimination control means. Finley L. Cooke (Navy). 

No. 2,929,742 March 22, 1960. Electroless deposition of 
nickel. Clara H. deMinjer and Abner Brenner. 


Inertia arming switch. 
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